Electrical Conductivity as a tool to estimate chemical properties of drainage water quality in the Des Moines Lobe, Iowa by Gali, Rohinth K. et al.
Agricultural and Biosystems Engineering
Conference Proceedings and Presentations Agricultural and Biosystems Engineering
7-2012
Electrical Conductivity as a tool to estimate
chemical properties of drainage water quality in the
Des Moines Lobe, Iowa
Rohinth K. Gali
Iowa State University
Michelle L. Soupir
Iowa State University, msoupir@iastate.edu
Matthew J. Helmers
Iowa State University, mhelmers@iastate.edu
Follow this and additional works at: http://lib.dr.iastate.edu/abe_eng_conf
Part of the Bioresource and Agricultural Engineering Commons
The complete bibliographic information for this item can be found at http://lib.dr.iastate.edu/
abe_eng_conf/209. For information on how to cite this item, please visit http://lib.dr.iastate.edu/
howtocite.html.
This Conference Proceeding is brought to you for free and open access by the Agricultural and Biosystems Engineering at Digital Repository @ Iowa
State University. It has been accepted for inclusion in Agricultural and Biosystems Engineering Conference Proceedings and Presentations by an
authorized administrator of Digital Repository @ Iowa State University. For more information, please contact digirep@iastate.edu.
 2 
 
 
An ASABE Conference Presentation
 
Paper Number: 12-1338083 
Electrical Conductivity as a tool to estimate 
chemical properties of drainage water quality in the 
Des Moines Lobe, Iowa 
Rohith K. Gali, Graduate Student 
Iowa State University, Agricultural & Biosystems Engineering Department, Ames, IA. 
Michelle L. Soupir, Assistant Professor 
Iowa State University, Agricultural & Biosystems Engineering Department, Ames, IA. 
Matthew J. Helmers, Associate Professor 
Iowa State University, Agricultural & Biosystems Engineering Department, Ames, IA. 
Written for presentation at the 
2012 ASABE Annual International Meeting 
Sponsored by ASABE 
Hilton Anatole Dallas 
Dallas, TX 
July 29 – August 1, 2012 
Abstract. Frequent sampling is needed to capture intra-event and seasonal fluctuations 
of nutrient concentrations for accurate load estimations to surface waters; however, 
processing water samples for multiple nutrients can be expensive and time consuming. 
The goal of this study is to investigate electrical conductivity as an inexpensive 
surrogate for traditional water quality sampling and analysis.  This study is being 
conducted in a heavily tile-drained-agricultural watershed typical of the Des Moines 
Lobe region of Iowa, Hickory Grove Lake Watershed. This watershed has a unique 
setup where drained water from a drainage district of 879 ha flows into a single location 
where both surface runoff and drained water from the drainage district can be monitored 
separately. Electrical Conductivity (EC) meters, flow meters, and autosamplers (ISCOs) 
were installed at both surface and subsurface monitoring locations. The samples are 
being analyzed for nitrate (NO3-N), ammonium (NH4-N), and, total phosphorus (TP). 
The average EC at the tile drainage outlet and surface water monitoring location was 
484 µS/cm and 519 µS/cm, respectively. The average daily nitrate concentrations in 
2011 at the watershed outlet and drainage district outlet were 9.06 and 8.28 mg/L, 
respectively.  An inverse relation between EC and flow was observed which is in 
agreement with findings from previous studies. Significant fluctuations were observed in 
all the nutrients monitored during runoff events. Better relationships between EC and 
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nutrient concentrations could be used to estimate more accurate TMDLs during runoff 
events, and thus development of more accurate TMDLs. Rigorous monitoring in similar 
watersheds can help improve the efficiency of the relationships.    
Keywords. Tile drainage, electrical conductivity, nitrate, runoff event, and nutrient dynamics.  
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Introduction 
Both point and nonpoint sources are responsible for lake, stream, and coastal water 
degradation nationwide through discharge of nutrients and sediments (David and Gentry, 2000; 
USGS-NAWQA, 2000). Agricultural runoff is thought to be responsible for 50 to 70% of the total 
nutrient inputs (USEPA, 1996; 2001) to surface water bodies. Runoff from fertilized agricultural 
fields and livestock operations is considered to be an important source of nitrogen and 
phosphorus export. Freshwater systems are P limited while coastal waters are N limited; the 
Midwest Corn belt states are a major source of nitrate-nitrogen contributing to the hypoxic 
conditions in the Gulf of Mexico.  
The U.S. Environmental Protection Agency (EPA) requires states to develop Total Maximum 
Daily Loads (TMDLs) for all impaired water bodies which are listed on the 303(d) list as a 
requirement of the Clean Water Act (CWA).  TMDL is the total amount of a pollutant that a 
waterbody can receive and still meet its designated use. Seasonal and intra-event fluctuations 
of nutrients in rivers can significantly affect the estimation of the total load which must be 
considered when developing TMDL. Given the diurnal fluctuations in rivers, typical weekly grab 
sampling for load estimations in many monitoring programs may be flawed (Lowney. 2000). 
Frequent and possibly event sampling is needed to capture intra-event and seasonal 
fluctuations of nutrient concentrations to determine accurate load estimations to surface water 
bodies. However procedures commonly used for sample acquisition and processing are often-
resource intensive, expensive and time consuming for multiple nutrients repeatedly measured at 
the same location. Therefore, an accurate, fast and inexpensive method for determining the 
nutrient concentrations in water is needed for improved nutrient load estimations. At times the 
cost of intensive water sampling required to accurately estimate nutrient content across 
streams/rivers is often higher than the economic benefits received from decreasing the nutrient 
load inputs to streams. Continuous and high frequency monitoring of streams to improve the 
understanding of the river water quality can be expensive; there is, therefore, a need to develop 
an economic and effective method for continuous estimation of nutrients in streams. 
Electrical conductivity (EC) is a measure of a solution’s ability to conduct a current and has 
been used widely to measure soil salinity, clay, and water content (Kachanoski et al., 1988; 
Williams and Hoey, 1987), soil nutrient levels (Rhoades et al., 1989), total dissolved solids in 
solution (Hem, 1985), as an indicator of concentration of soluble ions (Fenn, 1987), in glacial 
melt studies (Collins, 1979) and in hydrograph separation studies (Heppell and Chapman, 2006; 
Pellerin et al., 2008). Akbar et al. (2005) used EC data to estimate soil water content using two 
salinity models (Rhoades-Corwin model and Mualem-Friedman model) in central Texas. EC 
data was used to estimate soil nutrient conditions (Rhoades et al., 1997), and Kney and 
Brandes (2007) developed a graphical screening method for rapid assessment of stream water 
quality using EC and alkalinity measurements for volunteer monitoring groups. Precision 
farming requires information on spatial variability of soil nutrients in a field and conventional 
methods of soil sampling and analysis is time consuming and costly. Grisso (2009) developed 
soil maps using EC and compared to the crop yields, a linear relationship was observed 
between soil EC and yields. Soil EC measurements were found to be an alternative to grid soil 
sampling for nutrient levels.  
Using EC data as a surrogate to estimate nutrient concentrations in streams would be ideal as it 
is an inexpensive approach. The goal of this study is to investigate electrical conductivity as an 
inexpensive surrogate for traditional water quality sampling and analysis in a tile drained 
agricultural watershed in Iowa.  This was achieved by empirically and statistically evaluating the 
relationships among EC and stream nutrient concentrations in an agricultural watershed.  
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Materials & Methods 
Study Area 
The Hickory Grove Lake Watershed (Fig.1) located in Central Iowa is a heavily tile-drained 
watershed typical of the Des Moines Lobe region. The lake flows into East Indian River which is 
a tributary of the Skunk River. The watershed is 1629 ha and the landuse is dominated by 
cropland with the major crops being Corn and Soybean.  Di-ammonium phosphate (85 kg/ha) 
was applied in spring prior to soybean plantation and anhydrous ammonia (160 kg/ha) was 
applied after soybean harvest/before corn planting. The landuse distribution in this watershed is 
as follows: 84 % cropland, 6.4% urban, 2.2% forest, 2.6% water, 3.2 % pasture and 1.6% 
rangeland. Soils in the watershed are dominated by fine-loamy, fine-silt and coarse-loamy soils, 
with 73% of the watershed classified as hydrologic soil group B. These soils have poor natural 
drainage with saturated hydraulic conductivities ranging between 11 – 31 mm/h and require 
artificial drainage to lower the water table and provide favorable soil moisture conditions for crop 
growth.  
 
Figure 1 Map of Hickory Grove Lake Watershed, Iowa, with its monitoring locations 
A drainage district on the east side of the watershed drains about 879 ha of the watershed and 
the subwatershed drains about 852 ha. The drainage district is considered to be one of the 
major flow paths to the lake and is estimated to be responsible for 75% of the inflow to the lake. 
This watershed has a unique setup where the surface runoff and sub-surface drained flow from 
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the watershed converge at the same location, which allows for concurrent monitoring of surface 
and subsurface contributions at the watershed scale.  
Water Quality Monitoring 
Flow measurements and event samples at the two monitored locations: drainage district and 
subwatershed outlet were collected using two 6712 portable samplers from the makers of 
TELEDYNE ISCO. Flow measurements were taken at 1-minute interval and water samples 
were collected at every 3-h during rainfall/runoff events from March’ 2011 to August’ 2011. Flow 
depth measurements were used to trigger the ISCO’s to collect a rainfall/runoff event sample; 
the average flow depth at the beginning of rainfall/runoff events in 2010 were used to determine 
the flow depth measurements to trigger ISCOs. Additional grab samples were collected from 
both locations every week during the recreational period (April – October) to assess the average 
nutrient concentrations. The water samples were analyzed for nitrate, ammonium and total P; 
the nutrient analyses were performed as recommended by Standard Methods for the 
Examination of Water and Wastewater (APHA, 1998).  
Two HOBO U24 electrical conductivity (EC) loggers were installed at the drainage district and 
watershed outlet in April of 2011. EC measurements were taken at 30-minute intervals. Manual 
total dissolved solids readings were taken at regular intervals to validate the EC readings. The 
water temperature in addition to the concentration of dissolved ions is known to affect EC 
readings, therefore EC measurements were normalized to 25°C to obtain specific conductivity 
(ECS) using non-linear, natural water compensation per standard method (EN 27888, 1994).   
Results and Discussion 
During 2011 EC measurements were obtained at 30-minute intervals at the drainage district and 
watershed outlet. The EC values at the two sites during non-rainfall days were mostly similar, 
the average daily EC values at the drainage district outlet and watershed outlet were 484 µS/cm 
and 519 µS/cm, respectively; because the flow at the subwatershed outlet is entirely flow from 
drainage district tiles. The minimum and maximum EC measurements at drainage district were 
64.2 µS/cm and 620.4 µS/cm, respectively, and at the watershed outlet were 73.8 µS/cm and 
697.8 µS/cm, respectively. Iwanyshyn (2009) measured EC values in a stream in Canada 
receiving wastewater treatment loads and observed EC values between 260 µS/cm and 500 
µS/cm. It is well known that EC of water depends on temperature, therefore the EC values were 
normalized to conductivity at 25°C. The average ECS values at drainage district outlet and 
watershed outlet were 639 µS/cm and 664 µS/cm.  
The EC values showed significant fluctuations during runoff events at both locations. A 
signature difference between the two sites was observed only during rainfall/runoff events due 
to the movement of nutrients through surface runoff from the watershed to the outlet. Three 
rainfall events in May and June – 2011 were used in this study to evaluate intra-event 
fluctuations. Figure 2. shows the average daily flow and average daily EC at the watershed 
outlet for two runoff events in June-2011. In all three events, an interesting trend was observed, 
as the runoff peaked at the watershed outlet and drainage district outlet the EC decreased due 
to dilution and EC levels increased back to the measurements observed before runoff event 
during the falling limb of hydrograph. A similar trend was also observed in pothole connectivity 
study using ECs in North Dakota by Leibowitz and Vining (2003), the ECs values in wetland 1 
dropped from 2346 to 1774 µS/cm after increase in water level and then ECs gradually 
increased back to its original readings prior to increase in water level. After spillage into wetland 
2 from wetland 1, the ECs at wetland 2 was 2.3 times greater than wetland 1, indicating 
movement of dissolved ions in wetland 2 (Leibowitz and Vining, 2003). The electrical 
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conductivity values at both monitored locations varied inversely with the flow for the monitored 
period.  
 
Figure 2 Average daily flow and electrical conductivity at the subwatershed outlet 
 
Figure 3 Average daily specific conductivity (µS/cm) for the subwatershed and the drainage 
district outlet 
The average daily ECS values at the two monitored sites are shown in Figure 3. The average 
daily ECS during rainfall event on 05/20/11 at the drainage district outlet and the subwatershed 
outlet were 618 and 611 µS/cm, respectively, and rainfall event and 05/25/11 had ECs 413 and 
427 µS/cm, respectively. Even during runoff events the ECs at the drainage district outlet and 
the subwatershed outlet were similar, suggesting that nutrient concentrations at both outlets 
were similar. The drainage district in the Hickory Grove Lake Watershed has surface intakes 
connected to subsurface tile drains, which provides a direct pathway for nutrients in surface 
runoff to surface waters. A rainfall of 47.5 mm on 05/20/11 decreased the ECs at the drainage 
district outlet by 55.3% (from 693 to 310 µS/cm) and at the subwatershed outlet by 50.4 % (from 
674 to 334 µS/cm). The average daily ECs fell during rainfall days and then gradually increased. 
A negative relationship was observed between ECS and flow during runoff events. 
Nutrient to EC relation: 
The average daily nitrate concentrations in 2011 at the watershed outlet and drainage district 
outlet were 9.06 and 8.28 mg/L, respectively, whereas the average daily ammonia 
concentrations at the watershed outlet and drainage district outlet were 0.70 and 0.18 mg/L, 
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respectively. Stream nutrient concentrations at the watershed outlet show high total P and 
ammonium concentrations during the early stages/rising limb of the hydrograph and the 
concentrations slowly decreased during the falling limb. A reverse trend was observed for 
nitrate, which decreased during the rising limb and then increasing during the falling limb. The 
EC and nitrate concentrations followed the same trend. Similar trends of rising and falling of 
nutrient concentrations during an event hydrograph were also observed at the drainage district 
outlet. Figure 4 shows discharge at the watershed outlet and the nutrient concentrations 
measured at regular intervals during the hydrograph.  
 
Figure 4 Flow (cms) and nutrient concentrations during the runoff event on 10 June 2011 at the 
watershed outlet 
The EC before the runoff event was 516 µS/cm and as the discharge at the outlet peaked the 
EC values dropped to 86 µS/cm and then increased back to the prior measurements; however 
another runoff peak occurred on 6/10/11 at 2:45 AM which dropped the EC values again before 
increasing back to the measurements observed prior to the runoff event. The inverse relation 
between EC and flow is due to the dilution of ions in the flow. The nitrate concentrations during 
the runoff event ranged from 2.72 mg/L to 11.55 mg/L, the ammonium concentrations ranged 
from 0.45 to 2.11 mg/L and the total P concentrations ranged from 0.1 to 0.94 mg/L. The EC flux 
is observed only during runoff events indicating movement of dissolved nutrients from both 
surface and subsurface monitoring locations during runoff events. Tomer et al. (2010) 
conducted a study on source-pathway separation of nutrients from an agricultural watershed in 
Iowa and observed nutrient dynamics during a rainfall-runoff event. The nutrient dynamics 
observed by Tomer et al. (2010) and results from this study were identical and emphasized the 
importance of nutrient dynamics in load calculations.  
Significant fluctuations in nutrients and EC were observed during runoff events. If a single grab 
sample was used to determine the event loads, where the sample was collected during the 
hydrograph could lead to either underestimations or overestimations of nutrient loads. In order 
to better estimate the nutrient loads to the surface water bodies a continuous and high 
frequency sampling is required, which comes with high monitoring costs. EC data can be used 
to estimate the stream nutrient concentrations by developing a regression equation between EC 
and each nutrient. Using the available nutrient and EC data, regression equations were 
developed for nitrate, ammonium and total P. Data collected during rainfall events was used to 
develop the relationships. Figure 5 shows the linear regression relationships developed 
between EC and ammonium and nitrate concentrations. A negative relationship was observed 
between ammonium, total phosphorus and EC and a positive relationship was observed 
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between nitrate and EC, which was expected. As nitrate is the dissolved form of nitrogen and 
EC measures the total dissolved ions in the water a positive relationship was expected and a 
reverse relationship was expected for NH4-N and total P. 
 
 
Figure 5 Relationships between specific conductivity and nutrient concentrations 
The R-squared values were less than 0.3 for ammonium and total phosphorus and 0.6 for 
nitrate. Higher R-squared values were observed when relationships were developed for 
individual rainfall events. More rainfall events must be sampled to improve the efficiency of 
these relationships and to better understand the seasonal effects on these relationships.   
Conclusion 
Developing relationships between EC and stream nutrient concentrations can provide a means 
for estimating intra-event nutrient concentrations. The main goal of this study was to investigate 
electrical conductivity as an inexpensive surrogate for traditional water quality sampling and 
analysis. The EC values showed an inverse relationship with flow at both monitored locations. 
EC data can be used to show the signature differences between tile drainage and surface 
runoff. Significant fluctuations in nutrients and EC were observed during runoff events. The EC 
flux observed during runoff events indicates movement of increased/decreased concentrations 
of dissolved ions from both surface and subsurface monitoring locations. Data must be collected 
from rainfall events during different seasons to capture any seasonal variation in regression 
equations. Through extensive monitoring over various watersheds in Des Moines Lobe, better 
relationships can be developed resulting in a possible method for estimating more accurate 
nutrient loads.  
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